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Background: Lung cancer is the leading cause of cancer deaths worldwide (1.38 million
cancer deaths, 18.2% of the total) and of cancer morbidity (1.61 million new cases, 12.7%
of all new cancers). Currently only three second-line non-small-cell lung cancer (NSCLC)
pharmacotherapies are licensed in the European Union: the chemotherapies pemetrexed and
docetaxel and the epidermal growth factor receptor tyrosine kinase inhibitor erlotinib. These
therapy alternatives have shown a comparable efficacy (survival benefit). In the past, cost com-
parisons showed that erlotinib was less costly compared to docetaxel, which in turn is cheaper
than pemetrexed. Nowadays erlotinib (and docetaxel) are still less expensive than pemetrexed;
but docetaxel lost patent protection (basic compound patent) at the end of 2010, so docetaxel
drug costs have decreased rapidly and the question remains whether erlotinib is still the least
costly therapy alternative in second-line NSCLC.

Material and methods: Italy was selected for base case analysis to compare the total therapy
costs, estimated by combining country-specific drug costs, administration costs, and adverse
event costs of erlotinib and generic docetaxel in second-line NSCLC therapy. Sensitivity analyses
on central input parameters have been performed.

Results: The total costs of treating one patient with erlotinib therapy of €5121 are lower than the
docetaxel costs of €6699 for the Italian health care setting. Although the drug costs of erlotinib
are higher than generic docetaxel (incremental €3770): the costs of intravenous chemotherapy
administration (incremental —€4510), and the costs of adverse event therapy (incremental —€837)
lead to higher total therapy costs for docetaxel compared to the epidermal growth factor receptor
tyrosine kinase inhibitor therapy erlotinib.

Conclusion: The cost comparison findings for Italy show that erlotinib is still the less costly
therapy alternative in second-line NSCLC. These results were robust to changes of central input
parameters and robust to further potential price decreases for docetaxel.
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Background

Lung cancer is the leading cause of cancer deaths worldwide (1.38 million cancer
deaths, 18.2% of the total) and also of cancer morbidity (1.61 million new cases,
12.7% of all new cancers).!

Approximately 80%—85% of lung cancer patients have non-small-cell lung cancer
(NSCLC), which is categorized in three major histological subtypes: squamous cell
carcinoma, adenocarcinoma, and large-cell carcinoma.? Around 70% of NSCLC
patients present with advanced or metastatic disease (tumor node metastasis [TNM]
stages I1IB/IV) at the time of initial diagnosis.> These patients with late stage NSCLC
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have a very poor prognosis with just about 7% of patients
with stage I1IB and about 2% of those with stage IV surviv-
ing beyond 5 years.

Once first-line therapy or first-line maintenance therapy
have failed, NSCLC patients are often treated with second-
line agents, as recommended by major practice guidelines, >’
aiming at a palliation of symptoms, a benefit in quality of
life, and a prolongation of survival.’

In Europe, there are currently only three licensed second-
line pharmacotherapy options available in nonsquamous
NSCLC: the oral epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitor (TKI) erlotinib, and the intravenous
chemotherapies docetaxel and pemetrexed. In patients with
squamous cell histology, only erlotinib and docetaxel are
available.'-12

Hence, the second-line NSCLC therapy options for physi-
cians and patients are considerably limited.>'®

All these therapy alternatives have shown a comparable
survival benefit. In the past this finding of “comparable effi-
cacy” was supported by indirect treatment comparisons'* of
the pivotal trial data;'>!® head-to-head evidence!*?° confirms
these indirect estimates (Table 1).

Although efficacy is comparable, erlotinib is the only
second-line therapy that has shown a statistically significant
improvement of patients’ quality of life and of lung can-
cer symptoms,?! whereas docetaxel (75 mg/m?)*>?* and
pemetrexed'® have failed to demonstrate comparable benefits.
These findings might be due to the nonchemotherapeutic
nature of erlotinib, which shows comparable efficacy to

chemotherapeutics coupled with a more favorable tolerability
profile (see also Table 2).

As the three second-line therapies show similar survival
(efficacy) outcomes a cost minimization approach is the
health economic standard analysis of choice for comparing
these alternatives.?** Previous cost comparisons (including
a review) published prior to loss of patent for docetaxel,
showed that erlotinib was less costly than docetaxel, which
in turn was less costly than pemetrexed, across different
health care settings and different years of publication.?¢-32

Nowadays erlotinib and docetaxel are still less expensive
than pemetrexed; but docetaxel lost patent protection (basic
compound patent) in most European countries at the end of
2010, since then the docetaxel drug costs have decreased.

As erlotinib is now facing a generic competitor, the
question arises as to whether erlotinib is still the least costly
therapeutic alternative in second-line NSCLC therapy.

Material and methods
In order to answer the research question the Italian health
care system has been selected for base case analysis to
compare the total therapy costs of erlotinib and generic
docetaxel in second-line NSCLC therapy from a health care
payer perspective. Total therapy costs have been calculated
by summing the country-specific drug costs, administration
costs and adverse event costs for erlotinib and docetaxel. The
Italian cost data applied are shown in Table 3.

The drug costs have been assessed on the basis of Italian
ex-factory prices using the recommended dosing schemes

Table | Survival outcomes of pivotal trials and head-to-head trials of erlotinib, docetaxel and pemetrexed in 2L NSCLC therapy

Trial name Study arms N Median PFS Median OS Survival HR P-value
in months in months (95% ClI)

BR.21'" Erlotinib 488 22 6.7 0.70 (0.58-0.85) P < 0.001
BSC 243 1.8 47

TAX317' Docetaxel 55 2.5% 7.5 0.56 (0.35-0.88) P <0.010
BSC 100 |.5%¢ 4.6

TAX320" Docetaxel 125 2.0%¢ 5.7 NA NS
Vil 123 1.8 5.6

JMEI'® Pemetrexed 283 2.9 8.3 0.99 (0.82-1.20) P=0.226
Docetaxel 288 2.9 7.9

HORG" Erlotinib 166 3.6 79 0.96 (0.77-1.21)° P=0916
Pemetrexed 166 2.7¢ 8.9

TITAN® Erlotinib 203 1.5 5.3 0.96 (0.78-1.19) P=0.730
Docetaxel/ 221 2.0° 5.5
pemetrexed

Notes: Dosage of recommended 2L therapy options within each study: erlotinib 150 mg/day; docetaxel 75 mg/m? (day |) each 3 weeks [only the labeled dosage was taken into
account, hence 100 mg/m? results are not presented above]; pemetrexed 500 mg/m? (day 1) every 3 weeks, *data have been transferred from weeks to months (divided by 4.33;
52 weeks per year divided by 12 months); "HORG trial hazard ratio has been determined by reading out the published Kaplan-Meier curves (as the HR was not published); PFS
not available therefore TTP is used as a proxy: note that TTP is typically measured from randomization until objective tumor progression and does not include deaths whereas
PFS is measured until objective tumor progression or death. Dosage for V/I: 30 mg/m? IV (day 1, 8, |5) each 3 weeks or ifosfamide 2 mg/m? (day 1, 2, 3).

Abbreviations: 2L, second-line; NSCLC, non-small-cell lung cancer; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; 95% Cl, 95% confidence interval;
NA, not available; NS, not significant; BSC, best supportive care; V/I, vinorelbine/ifosfamide; TTP, time to progression.
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(erlotinib 150 mg/day; docetaxel 75 mg/body surface area
inm? once [on day 1] every 3 weeks). The proxy treatment
duration of 2.5 months has been used for both drugs,
according to the pivotal trials’ median progression-free
survival outcomes shown in Table 1.

According to the European marketing authorization, the
injection of docetaxel requires a health care unit special-
ized for the injection of cytotoxic chemotherapy and the
supervision of an oncologist.!! In the analysis this charge is
assumed the same whether the oncologist attends throughout
the infusion or at the inception only. Hence, administration
costs of intravenously injected docetaxel were estimated
based on the official Italian diagnosis-related groups cost
values for an inpatient (50%) and a hospital-based outpatient
(50%) administration of cytotoxic chemotherapeutics. The
diagnosis related groups tariffs for inpatient and outpatient
administration exclude drug costs in most Italian regions
and this assumption is held in the analysis. As erlotinib is
an oral medication requiring neither the supervision of an
oncologist, nor a specialized oncology unit (in contrast to

the chemotherapy docetaxel), no administration costs have
been applied for erlotinib.

The incidence of adverse events is based on published
evidence shown in Table 2.

The cost per adverse event is based on published Italian
cost estimates and have been applied to all relevant erlotinib or
docetaxel serious adverse events (=grade 3) as per Table 3. The
total adverse event cost has been applied as a one-off as the total
of the products of adverse event frequencies and respective costs.
In cases where more than one incidence value was published
(incidence reported in different clinical trials) a conservative
approach was applied by taking into account the highest published
value for erlotinib and docetaxel to avoid underestimating costs
(this occurred more often for docetaxel).

By summarizing the drug costs, administration costs,
and adverse event costs the total costs have been calculated
for each therapy approach. These total costs of erlotinib
and generic docetaxel have been incrementally compared
to determine the actual total cost difference between both
second-line NSCLC therapy approaches.

Table 2 Overview of serious adverse events (=grade 3 in %) observed in the pivotal trials and head-to-head trials of erlotinib,

docetaxel and pemetrexed in 2L NSCLC therapy

Trial name BR.21'* HORG'" TAX317'¢ TAX320" JMEI"

AE = grade 3 in % ERL BSC ERL PEM DOX BSC DOX vi DOX PEM
Anemia NR NR 0.6 1.2 5.5 NR 0.0 2.0 43 42
Anorexia/WL 9.0 5.0 NR NR NR NR NR NR 0.0 0.0
Asthenia NR NR 0.6 72 18.2 28.0 12.0 11.0 NR NR
Cardiac AE NR NR NR NR 1.8 1.0 NR NR NR NR
Dehydration 4.0 3.0 NR NR NR NR NR NR NR NR
Diarrhea 6.0 1.0 0.6 0.6 1.8 0.0 2.0 2.0 2.5 0.4
Fatigue 19.0 23.0 NR NR NR NR NR NR 54 53
F. neutropenia NR NR 0.0 0.0 1.8 NR 8.0 1.0 12.7 1.9
Fluid retention NR NR NR NR 0.0 NR 1.0 2.0 NR NR
Infection 2.0 5.0 NR NR 5.5 5.0 NR NR 33 0.0
Leucopenia NR NR 0.0 2.4 NR NR NR NR NR NR
Mucositis NR NR 0.6 0.0 NR NR NR NR NR NR
Nausea 3.0 1.0 1.2 0.0 36 5.0 3.0 6.0 1.8 2.6
Neurotoxicity NR NR 0.6 0.0 36 6.0 NR NR 1.1 0.0
Neutropenia NR NR 0.0 6.6 67.3 NR 54.0 31.0 40.2 53
Ocular toxicity 1.0 1.0 NR NR NR NR 1.0 3.0 NR NR
Pulmonary AE 1.0 1.0 NR NR 20.0 30.0 NR NR 1.4 0.0
Rash 9.0 0.0 54 0.0 NR NR NR NR 0.7 0.8
Stomatitis 1.0 0.0 NR NR 1.8 0.0 NR NR 1.1 1.1
Thrombocytopenia NR NR 0.0 3.6 0.0 NR 2.0 0.0 0.4 1.9
Vomiting 3.0 20 0.6 0.0 36 1.0 1.0 4.0 1.1 1.5

Notes: Only grade = 3 AE with an incidence = 1% were included in the cost assessment; '*Grade 3-5 AE reported according to Common Toxicity Criteria of the National
Cancer Institute (version 2.0); '°grade 3—4 AE reported, criteria not specified; '"grade 3—4 or severe non-hematologic reported based on Common Toxicity Criteria of the
National Cancer Institute, AE not included in that toxicity scale (eg, fluid retention, hypersensitivity reaction, onychodystrophy, and asthenia) were graded as mild (grade 1),
moderate (grade 2), severe (grade 3), or life-threatening (grade 4); '®grade 3—4 hematologic toxicities reported according to Common Toxicity Criteria of the National
Cancer Institute (version 2.0); '"grade 3—4 AE for hematological and grade 3-5 AE reported for non-hematologic AE reported, grading criteria not specified.
Abbreviations: 2L, second-line; NSCLC, non-small-cell lung cancer; AE, adverse events; ERL, erlotinib; BSC, best supportive care; PEM, pemetrexed; DOX, docetaxel; V/I,
vinorelbine/ifosfamide; WL, weight loss; F. neutropenia, Febrile neutropenia; NR, not reported.
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Table 3 Italian cost data applied in the cost comparison of
erlotinib and docetaxel in 2L NSCLC therapy

Country Italy

Cost item Costs/€ Ref
Erlotinib (I mg)e 0.44 33
Docetaxel (I mg)*® 2.39 33
Inpatient administration® 1,899 34
Daycare administration? 356 34
Anemia 3,677 35
Anorexia/weight loss 6l 35
Asthenia/fatigue 0 35
Cardiac AE 1,773° 36
Dehydration 2,581° 37
Diarrhea 394 35
F. neutropenia 4,824° 37
Infection 43 35
Nausea 95 35
Neurotoxicity 0 NA
Neutropenia 154 35
Pulmonary AE 0° NA
Rash 6 35
Stomatitis 45 35
Thrombocytopenia 1,323° 36
Vomiting 411 35

Notes: “The price reflects the lowest available generic price (August 201 | prices), for the
calculation of the docetaxel dosage; the Mostellar formula was applied using EU average
data on weight and height (72 kg; 170 cm; BSA = 1.84 m?); *where no lung-cancer specific
costs were published AE estimates referring to other cancer types were applied; in some
cases where no published data were available estimates given in physician interviews were
used; “DRG tariffs for inpatient and outpatient administration exclude drug costs; °drug
costs may be subject to further discounts at hospital (provider) level.

Abbreviations: 2L, second-line; NSCLC, non-small-cell lung cancer; AE, adverse
events; NA, notavailable; EU, European Union; BSA, body surface area; DRG, diagnosis
related groups.

In order to investigate the robustness of results the
underlying key input data have been changed in one-way
deterministic sensitivity analyses. Additional analyses have
been performed using a longer (3.0 months; five docetaxel
injections) and a shorter (2.0 months; three docetaxel

administrations) therapy time horizon, using varying esti-
mates for the proportion of inpatient administration (high
75%; low 25%) and higher (+25%) and lower (-25%)
cost estimates for each adverse event. In order to take
into account potential further price decreases of generic
docetaxel in the future, simulations have been performed
applying a further 25% and a further 50% price reduction
of generic docetaxel.

Results

As shown in Figure 1, the average total costs of erlotinib
therapy of €5121 are lower than the docetaxel costs of €6699,
in the Italian health care setting under the central assump-
tions of the analysis.

The erlotinib drug costs of €4950 are higher than the
docetaxel drug costs of €1180. However, the erlotinib adverse
event costs of €171 are lower than the docetaxel adverse event
costs of €1008. Furthermore, the hospital-based intravenous
docetaxel injection costs of €4510 compare unfavorably to
oral erlotinib that requires no administration effort.

According to these base case analyses, the incre-
mental total cost difference of erlotinib vs docetaxel
amounts to —€1577. The robustness of the results has been
investigated with sensitivity analyses.

As shown in Figure 2, the sensitivity analysis results
confirm the robustness of the “base case” analyses results.
Erlotinib was less costly than generic docetaxel, which is
shown in the negative incremental total costs for the range
of sensitivity analyses undertaken.

The incremental total costs were most sensitive to
changes in the distribution of inpatient administrations fol-
lowed by changes in the therapy duration. The changes in

Drug costs B Administration costs M Adverse event costs
»n €8.000
o
1
=)
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2
[*]
©  €4.000 -
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L €0

Erlotinib Docetaxel

Figure | Cost comparison results of erlotinib vs generic docetaxel as second-line NSCLC therapy in Italy.

Abbreviation: NSCLC, non-small-cell lung cancer.
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Figure 2 Sensitivity analyses on the incremental total costs of erlotinib vs generic docetaxel as second-line NSCLC (non-small-cell lung cancer) therapy in Italy.

adverse event costs and the simulated further reduction of
docetaxel costs of up to 50% had a limited impact on the
incremental total cost results.

Discussion

The presented health economic analysis investigates the
cost impact of the patent protection loss of docetaxel, which
has led to a rapid drug cost decrease, in comparison to the
patent protected EGFR TKI erlotinib. In the past there was
consensus that erlotinib was the least costly pharmaco-
therapy in second-line NSCLC but the consequences of the
price decrease of docetaxel generics has raised doubts as to
whether this point of view is still valid and is the rationale
for performing this assessment.

The Italian health care system has been used for the
base case analysis based on the availability of data. One
key limitation is that the cost analysis results presented in
this paper are highly dependent on the drug prices, the costs
of treating specific adverse events, and especially on the
reimbursement rates for the intravenous administration of
chemotherapy that may vary from country to country. Hence,
the results presented have to be regarded as specific to the
Italian health care setting and potential similar findings in
other countries and health care settings would need to be
confirmed in separate analyses. The reader is cautioned not
to apply these results to other health care settings. It is also
noted that there is variation of these costs across different
regions in Italy.

The research findings for the Italian health care setting
show that erlotinib still is the least costly therapy alternative
in second-line NSCLC. Although the drug costs of generic
docetaxel are lower than the drug costs of erlotinib there are
other therapy-related costs that counteract this advantage.

The costs for the intravenous chemotherapy administra-
tion have been identified as the key docetaxel cost driver.

The docetaxel label indicates that injection of the drug
requires a unit specialized for the injection of cytotoxic che-
motherapy and the supervision of an oncologist, which results
in high additional efforts for the health care payers. In con-
trast, such administration costs are not required for the oral
EGFR TKI erlotinib. One limitation related to the simulation
of the administration costs is the lack of information related
to the proportion of inpatient administrations performed for
docetaxel. The inpatient administrations are more costly than
the outpatient administrations (Table 3) which may have an
impact on the cost comparison results. Hence sensitivity
analyses were performed investigating a range from 25% up
to 75% of inpatient administrations, without having a major
impact on the cost comparison results (in each scenario
erlotinib was less costly compared to docetaxel).

Median progression free survival has been used as a
proxy for treatment duration due to the availability of data.
As shown in Table 1, progression-free survival/time to
progression varies for docetaxel from 2.0 to 2.5 months and
for erlotinib from 1.5 to 3.6 months. Mean progression-free
times have not been used as they require further survival
analysis.

Furthermore, as erlotinib shows a more favorable toler-
ability profile the costs of treating adverse events are lower
for erlotinib than for the cytotoxic chemotherapy, which
again results in additional effort for health care payers due
to docetaxel. In addition, the influence of this cost driver
has been investigated in sensitivity analyses, by varying the
underlying costs of single adverse events (£25%), without
having a major impact on the cost comparison results.

In specific sensitivity analyses, it was assumed that doc-
etaxel costs might decrease further in the future. Hence an
additional 25% and a 50% drug cost reduction was simulated
for generic docetaxel, in order to test whether the research
findings are robust to such possible changes in the future,

ClinicoEconomics and Outcomes Research 2012:4
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without having a major impact on the cost comparison
results.

Conclusion

In summary, the presented assessment focusing on the Italian
health care system has found that docetaxel therapy costs,
apart from drug costs, consist of two additional major cost
components: namely the intravenous chemotherapy admin-
istration costs and the adverse event therapy costs. These
“hidden costs” lead to higher total therapy costs of (generic)
docetaxel compared to the EGFR TKI therapy erlotinib, that
largely consist of drug costs which are transparent and easier
to predict for the health care payers.

The findings for Italy show that under the central assump-
tions of the analysis, erlotinib is the least costly therapy
alternative in second-line NSCLC, considering generization
of docetaxel. These results were robust to changes of cen-
tral input parameters and robust to potential further price
decreases of docetaxel.
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